This study reports the discovery of two oxytrichid ciliates, Cyrtohymena primicirrata (Berger and Foissner, 1987) and Oxytricha granulifera Foissner and Adam, 1983 , in Jeju Island, Korea. The morphology of the two species was studied using live observation and protargol impregnation. These species are described as follows: Cyrtohymena primicirrata has a body size in live specimens 90-140×40-60 μm, length : width ratio 2.3 : 1 on average; elongated and slender obovate in outline of body. Cortical granules are shiny yellow on the ventral and dorsal side. Adoral zone of membranelles (AZM) is covering about 48% of the cell with about 38 adoral membranelles. Arrangement of undulating membranes is ordinary Cyrtohymena pattern. Dorsal kineties is six rows with 5 μm long bristles. Oxytricha granulifera has a body size in live specimens 90-115×25-38 μm, length : width ratio 3.31 on average; elongated ellipsoidal in outline of body. Cortical granules are colorless on the ventral and dorsal side. AZM is covering 28% of the cell length in vivo with about 24 adoral membranelles. Arrangement of undulating membranes is Oxytricha pattern. Dorsal kineties is five rows with about 3 μm long dorsal bristles. The collected samples were moved to the laboratory and were kept insulated from temperature rise.
INTRODUCTION
Genera Cyrtohymena Foissner, 1989 and Oxytricha Bory de saint Vincent, 1824 belong to the family Oxytrichidae Ehrenberg, 1838 , that is characterized by having typically 18 frontoventral-transverse cirral patterns on the ventral side (Berger, 1999) .
So far, more than 16 species of the genus Cyrtohemena have been described in the world (Berger, 1999; Foissner, 2004) , and four species have been recorded in Korea: C. australis Foissner, 1995, C. citrina (Berger and Foissner, 1987) Foissner, 1989 , C. muscorum (Kahl, 1932 Foissner, 1989, and C. quadrinucleata (Dragesco and Njine, 1971 ) Foissner, 1989 (Kim et al., 2012 . Cyrtohymena have highly prominent undulating membranes known as Cyrtohymena pattern, resulting in very transparent buccal cavity (Berger, 1999; Kim et al., 2012) .
The genus Oxytricha was established by Bory de Saint Vincent in Lamouroux et al. (1824) under name of Oxitricha.
The nominal species of genus Oxytricha are over 50 species (Berger, 1999 (Berger, , 2001 Eigner, 2001 ) and then seven species have been recorded in Korea: O. balladyna Song and Wilbert, 1989 , O. fallax Stein, 1859 , O. marina Kahl, 1932 , O. longa Gelei and Szabados, 1950 , O. longigranulosa Berger and Foissner, 1989 , O. rubripuncta Berger and Foissner, 1987 , and O. saltans (Cohn, 1866 Rees, 1881 (Shin and Kim, 1993; The Korean Society of Systematic Zoology, 1997; Berger, 1999; Shin, 2004, 2008) . In this study, we describe two oxytrichid species of Korean ciliate populations that are new to Korea, C. primicirrata and O. granulifera, based on live and protargol impregnated specimens.
MATERIALS AND METHODS

Sampling
Cyrtohymena primicirrata and Oxytricha granulifera were collected from freshwater wetlands in Dong-Back Hill, Seon-
Observation and stain
The live specimens were observed using bright field and differential interference contrast microscopy (Axio Imager A1; Carl Zeiss, Oberkochen, Germany) equipped with a camera (Axio Cam MRc; Carl Zeiss) to observe body shape, size, cortical granules, food vacuoles, ciliary features, other cytoplasm and oral apparatus. Staining with protargol was performed as described by Wilbert (1975) , with saturated HgCl 2 for cell fixation. Cell counts and measurements on silver impregnated specimens were performed using a compound microscope (Olympus BX 50; Olympus, Tokyo, Japan) equipped with a camera (Moticam Pro; Motic, Hong Kong, China). The drawings of live and impregnated specimens were based on free-hand sketches and Illustrator 10 (Adobe), as well as photomicrographs and a drawing device was used.
The taxonomical classification and terminology are according to Berger (1999) . : Foissner, 1984: 115 . Steinia primicirrata Berger and Foissner, 1987 : 227. Steinia ultricirrata: Foissner, 1987 : 127. Cyrtohymena primicirrata: Foissner, 1989 Berger, 1999: 300. Measurements in μm. All data are based on protargol-impregnated specimens. Med, medium; Min, minimum; Max, maximum; SD, standard deviation; SE, standard error of arithmetic mean; CV, coefficient of variation (%); n, number of individuals investigated; AZM, adoral zone of membranelles.
SYSTEMATIC ACCOUNTS
Description
Korean name: 1 *평활관구하모충 located near left margin of the cell in mid body, during diastole with short collecting canals (Figs. 1A, 2I ). Cytoplasm colorless, but sparsely darkened at low magnification owing to food vacuoles and crystals ( Fig. 2A, B) . Crystals presented in both margin of body densely and sized 3-5×1-2 μm (Fig.  2B, F) . Yellowish cortical granules arranged as a aciniform in groups composed of three to 20 granules; at least 10 rows longitudinally on dorsal side; the marginal and ventral cirri on the ventral side; each granule spherical shaped with about 1 μm in diameter (Figs. 1B, C, 2C about 9 μm broadly. Buccal field huge and prominent, a safety pin shaped like, owing to the large hole at low magnification ( Fig. 2A) . Undulating membranes ordinary Cyrtohymena patterned with paroral and endoral membranes; the distal portion of paroral membrane semicircularly curved; anterior half of the endoral membrane extended diagonally on the bottom of buccal cavity (Figs. 1D, 2B , E). Somatic infraciliature: Frontal, ventral and transverse cirri constantly composed of 18 cirri. Buccal cirrus present beside middle part of paroral membrane. Three post-oral-ventral cirri. Two pretransverse cirri. Usually five transverse cirri arranged in sharply V-shape and placed anteriad (Figs. 1D,  3D ). Right and left marginal cirri separated at posterior end (Figs. 1D, 3A) . Three caudal cirri about 20 μm long in vivo and inserted in gap between both marginal rows on the dorsal side (Fig. 3A, D Remarks. The Korean population of Cyrtohymena primicirrata agrees with descriptions of other populations as following characters: 1) having two macronuclei and usually two micronuclei, 2) having yellowish cortical granules, 3) occurrence in freshwater, 4) body length less than 200 μm, and 5) anteriad position of transverse cirri (Dragesco, 1970; Berger, 1999) . Cyrtohymena primicirrata, C. australis Foissner, 1995, and C. citrina Foissner, 1987) Foissner, 1989 Foissner and Adam, 1983: 1; Foissner, 1989: 235; Berger, 1999: 197 . Korean name: 1 *과립첨모하모충 
Description. General features:
Body size 90-115×25-38 μm, usually 100×33 μm in vivo, length : width ratio 3.31 on average in live specimens. Body outline elongated ellipsoidal. The anterior body narrowly rounded with distinct anterior collar, posterior end broadly rounded, right margin usually straight, sometimes slightly convex, left margin distinctly convex (Figs. 4A, 5A , C, F). Body flexible. Contractile vacuole located near left margin of cell in mid body, during diastole with two collecting canals (Fig. 5C ). Cytoplasm colorless, with yellowish crystals sized about 4 μm in length, scattered in entire body and densely packed in anterior, posterior and marginal regions. Cortical granules colorless about 1 μm in diameter; linearly arranged three to seven granules longitudinally on the dorsal side; irregularly arranged on the ventral side (Figs. 4B, 5D , E). Food vacuoles about 10 μm in diameter; contained with bacteria, fungi and flagellate in protargol specimens (Fig. 5F ). Locomotion moderate and rapid. Buccal field and oral infraciliature: Adoral zone of membranelles shaped question mark, covered 28% of the cell length in vivo and 24% in impregnated specimens, composed of the average 24 adoral membranelles. Buccal cavity narrow (Figs. 4A, 5C ). Undulating membranes consisted of endoral and paroral membranes; both membranes positioned parallel to each other and slightly curved, sometimes crossed at the proximal region. Pharyngeal fibers at base of buccal field, and about 30 μm long; extended to near right margin of the Remark. Oxytricha granulifera is well-known as type species of genera Oxytricha. This species was described so far only three times (Foissner and Adam, 1983; Foissner, 1989; Berger, 1999) , despite the molecular study on this species have been studied by many investigators (Schlegel et al., 1991; Croft et al., 2003; Hewitt et al., 2003; Schmidt et al., 2007) . Korean population of Oxytricha granulifera agrees well with the chatacteristics of original description from Europe: 1) having two macronuclei and usually two micronuclei, 2) short dorsal bristles less than 6 μm long, 3) about 100 μm in body length, 4) symbiotic algae absent, 5) having colorless cortical granules, 6) body length : width ratio 2.2 : 1 (Berger, 1999) . However, the Korean population was discovered from freshwater, whereas the European population was found in soil.
Oxytricha granulifera is different from O. longigranulosa in the arrangement of cortical granules (continued long rows vs. discontinued longitudinal rows of cortical granules), arrangement of both marginal cirri at posterior part (separated vs. overlaped) (Berger, 1999; Kwon and Shin, 2008) .
Oxytricha granulifera is very similar to O. tenella Song and Wilbert, 1989 in common characters as two macronuclei and two micronuclei, less than 100 μm in body length, short dorsal bristle, colorless cortical granules and similar numbers of both marginal cirri and adoral membranelles, except the ratio between length and width (3.0 vs. 1.6-1.75), arrangement of cortical granules (linear vs. irregular in drawings) and arrangement of fronto-ventral cirri (Foissner and Adam, 1983; Song and Wilbert, 1989; Berger, 1999) .
